An effective Hamiltonian including current-current coupling from the Global Color symmetry Model (GCM) is derived. Retardation effects are introduced by the factor
Introduction
Many researchers focus on the low energy QCD recently. It is generally believed there is chiral symmetry breaking(CSB) in the low energy region for quark system. Some authors study in this field using Spontaneous Chiral Symmetry Breaking (SCSB) with an effective Hamiltonian. But in these Hamiltonians they almost always adopt the instantaneous interaction [1, 2] and take the γ 0 · γ 0 term only, a few authors take γ µ · γ µ term with parameterization method. They obtained significant results with their simple method, but they have not treated the γ µ · γ µ term thoroughly and not considered the retardation effect in the interaction. In this paper, the retardation effects under some approximations and the contributions of the α − α terms in the interaction are studied and theqq condensation are calculated. Our results show these effects are important.
The Hamiltonian
Our start point is an effective Hamiltonian derived from the action of the Global Color symmetry Model (GCM) of QCD under current-current coupling approximation.
Here we just quote the result derived in our earlier work [3, 4] . The GCM action [5] is
From the above and taking the low order current-current coupling, we can get [3] H = H 0 +V ,
where the quark current is
and
µν (x, y, τ ) is the complete interaction propagator taken to be of the form
One can then obtainV
where
Here κ is just a parameter. κ = 1 corresponds to complete current-current interaction; while κ = 0, correspond to keeping only the γ 0 − γ 0 term. When the τ -dependence in D(x, y, τ ) is not just δ(τ ), the interaction includes certain retardation effect.
Now we expand the ψ(x), H in terms of the creation and annihilation operators of bare quarks and antiquarks,
and introduce Bogoliubov-Valatin transformation to take account of the pairing effect in the effective interaction as follow
For practical application, some approximations have to be made to simplify the operator H on the R. H. S. of (2) When only one-bodyV I inV is retained, the Hamiltonian can be written as
, φ k is rotation angle in B-V transformation, and
Then we can obtain the single quark energyẼ k and the gap equation as follows
Calculation and Results
To consider the retardation effects, we choose a parameterized correlation kernel with time retardation factor
2 replacing the instantaneous factor δ(τ ). The correlation kernel we choose is given as
where A = V 3 0 and
, which is used as the unit of energy in the following.
Then from (8), one can find the single quark energyẼ k and the gap equation as follows
The equations (10), (11) are simultaneous equations with two nonlinear differential equations. Solving these tangled equations is very difficult. We adopted two different mothods to solve them approximately. One of them is thatV in the Hamiltonian(see eq. (2)) is written as
Then one can use the same procedure in deducing (10) from (2), and get the new gap equation.
sin 2ϕ + sin 2ϕ (13)
Another way of the approximation is to takeẼ k = k in (11), we then get the gap equation as follows
We solved the gap equations (13) and (14) separately and found that the results obtained were essential consistent. Therefore we shall only give the results of equation (14). The boundary conditions are
And theqq condensation is
The gap equation is solved for different parameters R, R=1000, 10, 2, 1 in unit ( Table 1 . The results show that the effects due to retardation and the α − α terms are important for study in this field. We can see that while taking a hadron interaction scale value ∼ 368 MeV(∼ 0.5 fm), the calculated condensations are about 26% larger (without the α − α term) or about 54% (with the α − α term) larger than the case without retardation effects. And for the typical value of <qq > condensation ∼ −(240 MeV) 3 [7] , the R is about 0.9(without the α − α terms) or 1.5 (with the α − α terms).
Adopting R = 0.9 (without the α − α term) or R = 1.5 (with the α − α term), the condensation <qq > are estimated to be −(235.8 MeV) 3 or −(244.3 MeV) 3 . These values of R correspond 0.331 GeV or 0.552 GeV. When (10) and (11) are solved simultaneously, one can expect to get better result for the condensation, thought improving the k dependence ofẼ(k) for small k.
For the effects of the α − α terms, the condensation <qq > 1 3 with the α − α terms is 17% larger than that without it. The results show definitely the important role of retardation effect and that of the α − α terms' effects in studying
